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Investment and Sales : some empirical evidence 


Abstract 


This paper attempts to give a structural interpretation to the 
distributed lag of sales on investment, at the two-digit level in US 
manufacturing. It first presents a simple model which captures the 
various sources of lags and their respective implications. It then 
estimates the model, using both data on investment and sales as well as 
direct evidence on the sources of lags. The spirit of the paper is 
exploratory ; the model is used mainiy eas a venicie to construct, present 
and interpret the date. 

We find that the following model can roughiy generate the 
distributed lag structure found in the data. Firms face delivery lags of 
3 quarters. They also face adjustment costs, which lead them to take into 
account expected future sales, with discount factor .9 when constructing 
the desired capital stock, and to close about 5% of the gap betwen actual 
and desired capital per quarter. They pay for orders at a constant rate 
between the time of order and that of delivery. The model is however not 


very successful in explaining differences in Gynemics across sectors. 
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Section + examines the stochastic benavior of sales in each indus 
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A more formal test of the theory is carried out in Section 5, through estimation 


of the structural model developed in section i. The model is somewhat successful in 


expleining the distributed lag structures and the ditferences across industries 
through plausible =ftructurel parameters. 

Section 4 reviews and assesses the main results of the paper. 
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stock at time ttn-1, which 15 known as of time t. Similarly replacement investment 


orders at time t are equal to @hy.,-3. The expected desired capital stock at time ttn 
in eguetion (2) depends in turn on the sequence of sales from time t+n on, expected 
as of time t ¢ given the delivery lags, sales expected between t and t+n-1i have no 


effect on current investment deciztions. Equation (3) is the modified eccumuletion 


implicit 2esumption is thet peyment ¢er capital coods is made pertly on order, partly 
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All that is left to do is te combine results about sectoral composition with 
those about celivery lacs Oy type of capital. Implied average celivery leas by sect 
s¢ destination are given in Table 5. The main result, tor our purposes, is thet, 
except for petroleum, all sectors fece very similar celivery lec structures ; the 
Mean dslivery leg Waniss petween S.2 end 3.5 Guarters®. This Us henner ane not che 
source of the ci¢terence ct the response of investment to shiements efross sectors 

Before leaving delivery lags, we return to @ mainteined assumption of Gur moc 
ane ungeed set ell Umadels waish 2 linger reletion between cgemend end 
investment, nemely thet of constancy of Selivery lags. We can Wse the tinsesenies 
orders and shipments for the cepitel producing sectors to examine the validity cf 
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ihe results ere quite clear and show delivery iegs to be procyciicel?. Heving 
culy registered this result, we nevertheless proceed to estimate our mode] which is 
based oh constant laos :; but these results make clear that the linear relation 
between investment and shioments is et best a rough appreximatien and thet turther 
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Examining first the values of Li and L2? suggests the following conclusions. 
Overall] the structural model performs well im approximately two thirds cf the 
sectors. Looking at L!, the constrained model significantly outoerferms (at the S% 
level) a model with no role for shipments in 9 out of the 123 sectors. In 4 sectors 
(FO,FA,CH,4C), the constrained distributed lag on shipments does not help predict 
investment. Looking at L2, the restrictions imposed by the structural model are 
Slgniticantly wejected sin 6 of the sectonms at the S% level, and in S of them (FA,EM, 
MV) at the 1% level. 

Turning to the coetficients, the structural model is often successtul at 


replicating the unconstrained distributed lag structure (SCS, NEM in particular). The 


mode] is able in most sectors to generate a flat, or slightly hump shaped distributed 


Being able to replicate aoproximately the reduced form is only good news i7 the 
ungerlying sttimated structures] peremeters make sense. These ere given in tebie 9. 

Consiger first the ocder expenditure leg structure implied by the estimates of 
Go amd Ww. Apant thom a-7ew Outliers, the results imply # reletively flat orcer 
Expenditure structure, which corresponds well to the avelleble quelitetive evicence 
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- ys De oro + . “A . . la 
obtained by dividing the estimeted (ha) by «a, and is therefore cerived ¢rom th 


response of investment to movements in shipments. The second one, do, is ebtained by 


columns of teble 9 (they are meesured et annuel rates. Thus, an estimated value of h, 
hy impiies thet investment responds within a quarter to close a proportion (h/45) oF 
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20 
The estimated value Ay varies between -.,05 and .25. The estimeted value of 32 
Varies between .08 and .i7. The average vaiue ct ), 15 equa! to .19 (so that 
approximetely 3% of the gep is closed within the quarter) and 1s higher than the 
average value of ho, .12 . This result is interesting. One interpretation is that it 
captures the notion that investment overreacts to sales. Cansider for example the 
case of motor vehicles : we have seen that the sales process 15 mot very persistent 


but that the effect of shipments on investment is large. The structural model 


estiamtes therefore a large value of ha, Consistent with low costs of adjustment. 
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edjustment were low, the ettect of the legged capital steck on 
investment should be strongly negative and ho should be large. Such is not the case 


But the result thet i, 


hi} 
wm 


in this sense investment appears to overreaect to sal 
exceeds ho Can aiso be due to the use of a proxy tor the correct capital stock 
series, which leads to a Dias towards zero in its coet¢icient, and in turn to a 


downwards bies in ds 


on 
DU 


between investment end shipments et the 2 digit level. We have leerned the following 


= : = Ss = = =, baal Pa a} S 

(1) Examination of the reduced form in sectisn 2 reveais that there is no 
Sans fed S = oes 5 = & 4 fates! . = ‘ = 
Siancarg and robust accelerztor rsiation between invesisent end shipments et inet 


substantially across sectors. In all sectors, a gooco part of investment 15 not 


explained by “shivoments y anmdecd, ina few cases, theme rs mo Svgniticant etieek my 
shipments on investment. 

When shipments affect investment, they do so through a long and rather fiat, or 
hump shaped, distributed lag. 

(2) Because “the comicss Svan lot sealpnital! 1s) Vvermy scam laigiacip Osis) SiS tolms: mule cele 
lag structures facing each sector are also very similar. 412 industries except 
Fetroleum tacé a mean celivery lag of approximately 3 quarters. Differences in 


delivery iags are theretore unlikely candidates to explein ditterences in the effects 


LU} 


of shipments on investment across sectors. 
A byproduct cf our work on delivery lacs is also to show thet they appeer 


procyclical. This suggests a non-linear soecification of the effect of shipments on 


investment that we do not pursue further in this paper. 
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(3) Shipments foilow very dizferent processes across sec 


e¢fect of shioments on investment. This Siet Bhs evetmibweed Wag inant 
Investment equation cepends on the charecteristics of the s2ies grocess im a wey 
which is et isest oualitatively consistent with the theory. 

(4) The results of estimetion of the structure! model in section & suggest thet 


the tollowing model can generete roughly the distributed leq structure found in the 


Gata. Firms face delivery lags of 3 quarters. They also face edjustment costs, which 
imply s (1) they take el] future expected seles, with discount factor .9, into 
consigeration when constructing the desired capital stock y and (2) they) close si ot 


to 
Le] 


(5) Whiie this model can generate the long, flat or humo-shapec, distributed la 
found in the data,:the ability of the structural modei ta tit each sector and te giv 
plausible explanations to differences across sectors 15 limited. The model performs 
poorly in some cectors. It does not attribute differences in distributed lags across 
sectors to any single main cause, such as differences in sales processes. In 
Bapticular, it attributes!’ these ditterences in part to ditterences im both costs of 
adjustment and in order expenditure lags. Although we do not have direct evidence on 


these costs ct adjustment, it 15 mot clear why -especially given that 


capital 


composition and delivery lags are so similar acrses sectors- costs of adjustment or 
order-expenditure legs should difter substantially across sectors, It would be 
interesting to examine formaliy how much of the differences across sectors could be 
explained by differences in any one element, fer exeampie differences in shipment 
PROCESSES with identical technologies (up to a capital shipment ratio) across 
eectors. he heve not done it yet. 

(oy We See us estimacian ct thie sitrwstucal model (so) sis) vo cet Ewol sepeqace 
estisates of the gen peremeter. A comparison of these estimetes shows the estineis 
SHtSined From the response to shipments atten exceeds the one sbtained trom ine 
BEScchice oF UMVesememe FO she Veeged Genie! stock. The mesult Mew be owaWweivmed by, 
Bigs trom the presence of errors in verieties ; if mot, it may indicate an 
overreection ct investment to shipments. Hhile this result is suggestive, our mecel 
is t90 crude and ignores too many ¢ectors, and the difference between the two 
BStimates often tco small for us to push it too stronely. 


Appendix 4 
1. Data Sources 


For the construction of investment, orders and shipments time series 
’ p 


[1] Plant and equipment expenditures, seasonally adjusted, 
Guerterty. Top manuf ectunaiing wndwisteres, constamt More 3, 147 Si to) 1 SBe— 
1, from the Bureau of Economic Analysis (tape) 

[2] Manufacturers’ shipments, inventories and orders, monthly, tor 
manufacturing industries, current $, 1958-1 to 1980-12, trom the Bureau 
of the Census M3-1-10 (tepe) 

[3] Implicit price deflators for shipments, monthly, 3-digit 


GAanUVnaccunima, Lave lOO, WSS e—i to Ve0— te tmomechie: buime at von a bial 


Por the construction of delivery leq structures : 

[4] New structures end squipment by using industries, i572, ceteiled 
estimates end methodology, Bureau of Economic Analysis publication G35, 
September 1700 
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to the total number of employees of these companies, using the Enterprise 
Statistics from the Department cf Commerce and aggregating to the Z2-digit 
eB ee 


level. This ratio is over 75% in al] sectors except Vetroleum (67%) and 


Motor Vehicles (o9%). Employees in Motor Vehicles companies not working 


in the sector wort however in sectors closely related to Motor Vehicles. 
Such is not the case for Fetroleum. 
Construction of Investment . Shioments and Orders 
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Investment series are directly obtained from £1]. Reel shipments ang 
orders series are obtained by deflation of series in [2] by price 


deflators constructed by egoreqgation of S-digit defiators in [3], and by 
y go q 4 


time ecgregation from monthly to quarterly and transformation to annual 
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Capital stock value is used in teble 1 to compute the mean 


capital/shipments retie, as the retio of mean capital to mean shipments. 


This crude computation of the mean level of capital can be compered 
to ratios using alternative establishment based measures of capital, such 
as those given in [6]. Columns 4 and 5 of table A belaw give respectively 
our estimated mean capital shipments ratio and the mean capital shipments 
ratio implied by [46]!The two definitions of capital differ slightly and 


the results are not strictly comparable). The main discrepancy is for 


Fetrcleum, due to the establishment/company discrepancy discussed above. 


Appendix B. Delivery laas 


Construction of capditel comoosition 
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This is the formula we use te compute capital composition. We 


Data for I,45 are obtained by aggregation so? 
Rates of crowth gis are assumed, for a give 
across al] types of equipment. Thus for each sec 


Qiy are computed, 
computed using net 
Rates of depr 
be independent of 
i) 


equipment, 4 y 


oO 
AS 


one for equipment and one for 


Capital measures 


cepital flow tables [5]. 
m sector, to be the same 
tor 1, only two values of 


siructures. 


These are 


eciation 6,5; for each type of equipment ars assumed ta 
the sector in which eguipment is used. Thus, for 
y for ail a. Depresiation rates for each tyoe of 


Capital equipment are obtained from average lives, Ls, from IRS Bulletin 


F 
table A. 

Rates of depr 
ha 


mote 
esSul 


are computed using 


structure from tab 
of teble A. Deprec 
The implied = 
the text. 
Finally, the 
tine Series tor ces 
S$, = D (Ka y/k 
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tion. Average lives of 


structure composition from [4] and 
12 2 in {6]. These averzae lives ar 
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Depreciation rates 4; are then constructed as 
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or each sector, 


lives (table 2 in [42). These average lives are given in column i of 
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Delivery lags are computed using the formula V,/(1-b,1S;,, where V,, 


by, and S, are respectively unfilled orders, shipments and the proportion 


wholeselers and retailers. Vy and 5S, are obtained 
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from the [7] sen VS77 and by is obtained from stablerisa in [79). “The 
values cf 6, are 46% for FM, 42% ¢or NEM and 46% ¢or EM. The implied 
delivery lags can be compared to estimates by the Department of Commerce 


(Survey of Current Business, July 1975) using a ditferent approach ; they 


ape Very similar. 


1. Even if we take as given that investment depends on cemand, there are three 
possible candidates, production, orders and sales (shipments). Production deta must 
be constructed using finished goods inventory data and are mot of high quality. This 
leaves orders or shipments. khich one is apprapriate depencs on the technology. If 
the technology 15 a “referee resort" technology in which orders are shelved until 
processed, cz2fitel requirements are mere closely related to shipments. If the 


technology 15 a “pipeline” technology, in which production takes time and production 
starts upon receipt of orders, orders are more eppropriete. Not knowing what 


technology 15 more appropriate, we have done estimation both using shipments ang 


using erders. Because of space constraints, we only report resuits using shipments 


here g¢ results using orders are not qualitatively different. 
Bo To state more explicitly our position, we believe that the relaticn from 


shiopments to investment is indeed largely causal (see Blanchard (1985)) 3 we believe 
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A = we GD this raietion in whet 
follows 
are Jorgenson end Stephenson (1957) also assume that n periods elapse between the 
ordering et cepital end the first arrivel of capital, An extension would be to allow 
HOR Gittanent elivery Vacs. Howewer, closing: so is 3 only if capital is 
heterogenous. See Luces (1965) fer a discussion. This lseds to toc complex en 
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is in the aporo#zimation by an AR(1} of the precess followed by the gisturbdance tern 
This 15 ¢durther discussed in Section &. 
Ob. Because o denotes the ratio of capital to annual shipments, )} is also exoressed 


at annual rates. That 1s, for a given value >}, investment will close during a quarter 
(./4) of the difference between cesired and actual capital. This is why the number 4 
retner then { appears in the text. 

The This result, which initially surprised us, i5 in fact consistent with previous 


studies et the sectoral level ‘see tor exampie references in the surveys by Jorgenson 


(15971) and Uri(1982)). These studies usually report the R2 om the original variables, 
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example, it always exceed 


6. if We recognized exolivecitly the heterogeneity cf casital in coun model st 
investment and assumed for example the technaloay to be Leontie# in the varicus types 
of casiteal, the longest delivery lag wouls be more relevant than the meen 12g. 
Sectors would Logs retirky Bill Aies 

Fo Seceuss we do moat make any explicit correction tar the fact that produ is 
Parekh yY Se Sem@cisg Br SUM VENOMely Sines Gams Cp She MREECS Bice SEeter Ase eminem Nee 
"ROM wine Shelt, ene sstinatsd mean leg is mulch shooter Chen tie Sstimaces celiveny 
leg constructed serlier. 

1G. This joint ecsumption implies thet investment should mot help predict sales 
Given fest seles and is thus testeble. ft is rejected in three sectors at the o% 
level, and in two (Petroleum, Aircraft) at the 1% level. Thus, tor these two sectors, 
the results below ere biased. For the cther ten sectors, the etsumotion in the text 
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